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INTRODUCTION: 


This  project  was  proposed  to  identify  the  genes  that  are  differentially  expressed  in 
prostate  cancer.  Tumor  suppressor  gene  is  one  type  of  these  genes.  Identification  of  tumor 
suppressor  gene  is  a  significant  task  in  prostate  cancer  research,  because  such  genes  are 
important  targets  for  improving  the  diagnosis  and  treatment  of  prostate  cancer.  We  first 
used  deletion  mapping  methods  to  localize  the  genes  that  may  be  deleted  in  prostate  cancer. 
Preliminary  results  have  been  obtained  for  the  localization  of  two  distinct  tumor  suppressor 
genes  at  the  q  14  and  q21  bands  of  chromosome  13  whose  alterations  are  responsible  for 
the  aggressive  behavior  of  prostate  cancer. 

BODY: 

Our  results  have  been  summarized  in  two  papers,  one  has  been  published  and  one 
is  in  press.  These  two  papers  are: 

1.  Hyytinen,  E.  R.,  Frierson,  H.  F.,  Boyd,  J.  C.,  Chung,  L.  W.  K.,  and  Dong,  J.  T. 
Three  distinct  regions  of  allelic  loss  at  13ql4,  13q21-22,  and  13q33  in  prostate  cancer. 
Genes  Chromosomes  Cancer,  25:  108-114,  1999. 

2.  Hyytinen,  E.  R.,  Sipe,  T.  W.,  Frierson,  H.  F.,  Li,  C.  L.,  Degeorges,  A.,  Sikes,  R. 
A.,  Chung,  L.  W.  K.,  and  Dong,  J.  T.  Loss  of  heterozygosity  and  lack  of  mutations  of 
the  XPG/ERCC5  DNA  repair  gene  in  human  prostate  cancer.  Prostate,  in  press:  , 
1999. 

Both  of  these  papers  are  included  in  the  appendix. 

KEY  RESEARCH  ACCOMPLISHMENTS: 

•  Chromosome  13  has  three  distinct  regions  of  LOH  at  13ql4,  13q21,  and  13q33  in 
prostate  cancer. 

•  The  DNA  repair  gene  at  13q33  is  not  the  target  gene  in  prostate  cancer. 

•  The  RB 1  tumor  suppressor  gene  is  not  the  target  gene  at  13ql4. 

•  The  genes  at  13ql4  and  13q21  are  currently  unknown  and  need  to  be  identified. 

•  Alterations  at  13ql4  and  13q21  are  responsible  for  the  aggressive  behavior  of  prostate 
cancer. 

REPORTABLE  OUTCOMES: 

This  project  has  generated  two  papers,  one  has  been  published  and  one  is  in  press. 
They  are: 

1.  Hyytinen,  E.  R.,  Frierson,  H.  F.,  Boyd,  J.  C.,  Chung,  L.  W.  K.,  and  Dong,  J.  T. 
Three  distinct  regions  of  allelic  loss  at  13ql4,  1 3q21  -22,  and  13q33  in  prostate  cancer. 
Genes  Chromosomes  Cancer,  25:  108-1 14,  1999. 


2.  Hyytinen,  E.  R.,  Sipe,  T.  W.,  Frierson,  H.  F.,  Li,  C.  L.,  Degeorges,  A.,  Sikes,  R. 
A.,  Chung,  L.  W.  K.,  and  Dong,  J.  T.  Loss  of  heterozygosity  and  lack  of  mutations  of 
the  XPG/ERCC5  DNA  repair  gene  in  human  prostate  cancer.  Prostate,  in  press:  , 
1999. 

CONCLUSIONS: 

In  the  first  year  of  this  project,  we  have  localized  three  tumor  suppressor  genes  at 
13ql4,  13q21,  and  13q33  in  prostate  cancer.  The  loci  at  13ql4  and  13q21  appeared  to  be 
specifically  involved  in  aggressive  prostate  cancer,  that  is  particularly  important  because 
currently  it  is  more  urgent  to  find  molecular  markers  that  can  differentiate  clinically 
aggressive  prostate  cancers  from  those  latent  ones.  Localization  of  these  genes  have 
validated  our  efforts  to  fine  map  and  clone  the  specific  genes  involved  in  the  future.  In  the 
second  year  of  this  project,  we  will  fine  map  the  tumor  suppressor  genes  by  homozygous 
deletion  analysis,  and  start  candidate  gene  searching. 

REFERENCES: 

See  the  two  papers  included  in  the  appendix  for  the  list  of  references. 
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Three  Distinct  Regions  of  Allelic  Loss  at  1 3q  1 4, 
1 3q2 1  -22,  and  I3q33  in  Prostate  Cancer 


Eija-Riitta  Hyytinen,12  Henry  F.  Frierson,  Jr.,  1  James  C.  Boyd,1  Leland  W.K.  Chung,2  and  Jin-Tang  Dong' 3* 

'Department  of  Pathology,  University  of  Virginia  Health  Sciences  Center,  Charlottesville,  Virginia 
^Department  of  Urology,  University  of  Virginia  Health  Sciences  Center,  Charlottesville,  Virginia 

department  of  Biochemistry  and  Molecular  Genetics,  University  of  Virginia  Health  Sciences  Center,  Charlottesville,  Virginia 


Chromosome  13  is  one  of  the  most  frequently  altered  chromosomes  in  cancer,  including  carcinoma  of  the  prostate.  Two 
known  tumor  suppressor  genes,  RB  I  and  BRCA2,  map  to  chromosome  1 3;  however,  recent  reports  suggest  that  unknown  genes 
on  I  3q  are  more  likely  to  be  involved  in  the  development  of  prostate  cancer.  In  order  more  fully  to  define  the  genetic  changes 
on  chromosome  1 3  in  prostate  neoplasms,  we  analyzed  27  polymorphic  microsatellite  markers  spanning  the  q  arm  for  loss  of 
heterozygosity  in  40  primary  tumors  and  in  metastases  from  I  I  other  patients  who  died  of  prostate  cancer.  Of  the  40  primary 
tumors,  23  (58%)  showed  LOH  for  at  least  one  marker.  Three  distinct  regions  at  q  1 4,  q2l-22,  and  q33,  defined  by  markers 
DI3S267  —  DI3SI53,  DI3SI66  —  DI3SI225 ,  and  DI3S259  —  DI3S274 ,  showed  the  most  frequent  LOH,  suggesting  their 
involvement  in  the  development  of  prostate  cancer.  For  the  12  patients  whose  tumors  showed  LOH  at  these  markers,  the 
average  age  at  diagnosis  was  58  years,  which  was  younger  than  that  (63  years,  P  <  0.05)  for  the  28  patients  whose  tumors 
lacked  LOH.  Ten  of  the  II  (91%)  metastases  showed  LOH  with  one  or  more  markers.  Two  of  the  three  most  frequently 
deleted  regions  (i.e.,  q  1 4  and  q2l-22)  in  the  primary  tumors  and  markers  linked  to  the  RBI,  BRCA2,  and  EDNRB  genes  showed 
high  frequencies  (56-7 1  %)  of  LOH  in  metastases.  These  results  demonstrate  that  allelic  loss  on  chromosome  1 3  at  q  1 4,  q2 1  -22, 
and  q33  occurs  in  a  subset  of  primary  prostate  tumors  and  is  a  frequent  event  in  metastatic  lesions  of  prostate  cancer.  Genes 
Chromosomes  Cancer  25:108-1 14,  1999.  ©  1999  Wiley-Liss,  Inc. 


INTRODUCTION 

The  development  and  subsequent  progression  of 
prostate  cancer  arc  a  complex  process  requiring 
multiple  genetic  abnormalities.  An  overview  of 
these  genetic  aberrations  has  been  obtained  by 
comparative  genomic  hybridization  (CGH)  and  loss 
of  heterozygosity  (LOH)  analysis  (Kunimi  et  ah, 
1991;  Cher  et  al.,  1994,  1996;  Visakorpi  et  al.,  1995; 
Cunningham  et  al.,  1996).  Losses  on  6q,  8p,  lOq, 
13q,  16q,  17p,  and  18q  are  consistently  detected, 
thus  providing  targets  for  further  studies  aimed  at 
identifying  the  genes  residing  in  these  regions. 
CGH  studies  have  indicated  that  chromosome  13  is 
the  second  most  commonly  altered  chromosome 
(after  chromosome  8)  in  prostate  cancer,  showing 
loss  of  the  q  arm  in  32%  of  primary  tumors  and  in 
56-75%  of  recurrent  and  metastatic  tumors.  More¬ 
over,  each  of  the  four  cell  lines  derived  from 
metastatic  prostate  cancers,  i.e.,  LNCaP,  DU- 145, 
PC-3,  and  TSU-Prl,  showed  loss  of  13q  sequence 
with  the  minimal  common  deleted  region  at  13q21 
(Nupponen  et  al.,  1998).  In  addition,  loss  of  chromo¬ 
some  13  occurs  in  a  number  of  other  cancers  such  as 
those  of  the  lung,  breast,  ovary,  and  kidney  (Yang- 
Feng  et  al.,  1993;  Kuroki  et  al.,  1995;  Schoenberg  et 
al.,  1995;  Maestro  et  al.,  1996;  Forozan  et  al.,  1997; 
Kalachikov  et  al.,  1997;  Tamura  et  al.,  1997). 


Chromosome  13  harbors  the  tumor  suppressor 
genes  (TSGs)  RBI  and  BRCA2 ,  which  are  located  at 
the  13ql4.2  and  13ql2.2  chromosomal  regions, 
respectively.  Allelic  loss  at  the  RBI  locus  has  been 
found  in  about  one  third  of  clinically  localized 
prostate  tumors  (Brooks  et  al.,  1995;  Melamed  et 
al.,  1997),  and  mutations  of  the  gene  have  been 
detected  in  a  few  primary  prostate  cancers  (Kubota 
et  ah,  1995).  No  correlation  between  LOH  and 
mutation  or  absence  of  expression  of  the  RBI  gene 
has  been  observed,  however  (Cooney  et  al.,  1996; 
Ittmann  and  Wieczorek,  1996;  Latil  et  al.,  1996). 
The  locus  with  the  most  frequent  LOH  in  the  ql4 
region  has  been  found  to  lie  in  a  7-cM  interval 
encompassing  the  loci  of  D13S263  and  RBI 
( D13S153 )  (Cooney  et  al.,  1996;  Ittmann  and  Wiec¬ 
zorek,  1996;  Latil  et  al.,  1996).  The  BRCA2  gene 
has  not  been  found  to  be  frequently  altered  in 
primary  prostatic  neoplasms  (Cooney  et  al.,  1996; 
Ittmann  and  Wieczorek,  1996;  Latil  et  al.,  1996; 
Melamed  et  al.,  1997). 


Supported  by:  US  Army;  Grant  number:  DAMD  17-98-1-8636; 
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'The  results  of  COM  and  LOH  studies  suggest 
that  unidentified  genetic  loci  on  13q  are  involved 
more  frequently  in  the  development  of  prostate 
cancer.  No  detailed  deletion  maps  using  multiple 
markers  that  span  the  entire  13q  have  been  con¬ 
structed,  however.  We  performed  LOH  analysis  using 
27  polymorphic  microsatellite  markers  spanning  the  q 
arm  of  chromosome  13  in  40  primary  prostate  cancers 
and  in  metastases  from  11  other  patients  who  died  of 
prostate  cancer.  Three  regions  defined  by  the 
markers  DUS  267  —  DUS  1 53,  DUS166  — 
DUS 1 225,  and  D13S259  —  DI3S274  at  q  1 4,  q21- 
22,  and  q33,  respectively,  were  identified  as  having 
the  most  frequent  LOH  in  a  subset  of  prostate 
cancers;  two  of  these  LOH  regions  were  lost  even 
more  frequently  in  prostate  cancer  metastases. 

MATERIALS  AND  METHODS 
Tumor  Samples 

Forty  pairs  of  matched  zinc  formalin-fixed,  paraf¬ 
fin-embedded  normal  and  primary  prostate  cancer 
tissues  from  prostatectomy  specimens  from  previ¬ 
ously  untreated  patients  were  used  in  this  study. 
Patient  ages  ranged  from  42  to  74  years  (median,  60 
years).  The  pathologic  characteristics  of  the  tumors 
were  as  follows:  Gleason  score:  82%  had  scores  of  5 
to  7,  whereas  18%  had  scores  of  8  or  9;  lymph  node 
metastases:  one  of  40  cases;  seminal  vesicle  inva¬ 
sion:  83%  negative  and  17%  positive;  capsule  pen¬ 
etration:  64%  negative  and  36%  positive.  The 
tumors  were  staged  pathologically  according  to  the 
most  recent  AJCC  recommendations  (AJCC,  1997). 
Two  thirds  were  pT2  and  one  third  were  pi  3 
cancers.  In  addition,  11  metastatic  cancer  speci¬ 
mens  from  lymph  nodes,  liver,  or  bone  and  matched 
non-neoplastic  tissues  from  patients  who  had  died 
of  prostate  cancer  were  obtained  at  autopsy.  Tumors 
were  zinc  formalin-fixed  and  paraffin-embedded, 
and  the  cells  for  DNA  isolation  were  collected  from 
7-pm  H-  and  E-stained  sections  using  a  previously 
described  protocol  for  preparation  of  histologic 
sections  on  glass  slides  prior  to  microdissection 
(Moskaluk  and  Kern,  1997).  Tumor  samples  were 
microdissected  to  ensure  a  minimum  number  of 
70%  neoplastic  cells.  Non-neoplastic  cells  from 
lymph  nodes  or  seminal  vesicles  (or  spleen  for 
autopsy  specimens)  in  almost  90%  of  the  cases,  and 
from  normal  prostate  in  the  remainder,  were  ob¬ 
tained  from  paraffin  blocks  that  contained  no  neo¬ 
plastic  cells. 

LOH  Analysis 

DNA  was  isolated  from  specimens  by  adding 
proteinase  K  solution,  incubating  at  55°C  for  2-3 


days,  extracting  with  phenol  and  chloroform,  and 
precipitating  with  ethanol.  Twenty-seven  microsat¬ 
ellite  markers,  which  were  either  purchased  from 
Research  Genetics  (Huntsville,  AL)  or  synthesized 
by  Life  Technologies  (Rockville,  MD),  were  used. 
'The  chromosomal  location  of  these  markers  and 
their  genetic  distances  (cM)  Rom  the  top  of  chromo¬ 
some  13  have  been  established  as  follows  (Hudson 
et  al.,  1995):  DI3S2I7  (ql2.1,  19),  D13S267  (ql2.3, 
28.9),  D13S263  (ql4.1-14.2,  40),  D/3SI227  (q  14. 1- 
14.2,  41.7),  DJ3S153  (q!4.2,  47.5),  DUS!  19  ( ql4.3- 
21,  51.5),  D/3S3I2  (q21.1-21.3,  N/A),  D/3SI34 
((121.2-22,  N/A),  DI3SI66  (q  2 1.3-22, 57.3),  DUS  1 56 
((121.3-22,  57.3),  DI3S3I3  (q2 1.1  -2 1.3,  N/A), 
DUS 269  (q2 1.3-22,  58),  DI3SI62  (q2 2,  60), 
D13S1306  (q22,  61),  D13S1225  (qZZ, 64.3),  D13S264 
(q22,  65.5),  DI3S317  (q22,  66),  D13S154  (q31, 
77.1),  D13S121  ( q 3 1 ,  N/A),  D13SJ59  (q32,  81.5), 
D13S1 240  (q5Z,  83.7),  D13S259  (q33,  86.9),  DUS  158 
(q33,  86.9),  D13S280  (q33,  87.5),  D13S274  (N/A, 
89.4),  DUS  173  (q33-34,  96),  and  D13S2S5  (q34, 
1 13).  Three  of  the  markers  were  physically  mapped 
either  at  or  near  known  genes.  D13S267  is  linked  to 
the  BRCA2  gene  (Wooster  et  al.,  1995),  DUS  153  is 
from  intron  2  of  the  RBI  gene  (Toguchida  et  al., 

1993) ,  and  D13S317  is  located  in  a  YAC  clone  that 
harbors  the  EDNRB  gene  (Puffenberger  et  al., 

1994) . 

For  the  1 1  prostate  cancer  metastases,  14  markers 
that  had  LOH  at  different  frequencies  (most  with 
high  rates,  some  with  lower  rates)  in  informative 
localized  tumors  were  analyzed  in  addition  to  the 
markers  linked  to  the  known  gene  loci.  The  se¬ 
quences  of  PCR  primers  for  these  markers  were 
obtained  from  the  Genome  Database  (http:// 
gdbwww.gdb.org)  and  the  Center  for  Genome  Re¬ 
search  at  the  Whitehead  Institute  for  Biomedical 
Research  (http://www-genome.wi.mit.edu).  Each 
PCR  analysis  was  performed  on  10-25  ng  of  ge¬ 
nomic  DNA;  1  X  PCR  buffer  (1.5  mM  MgCL);  0.4 
pM  of  each  primer;  200  pM  dCTP,  dGTP,  and 
dTTP;  5  pM  dATP;  2.5  pCi  of  a-«S-dATP  (1,000 
mC  i/m  mol);  and  1  U  of  Taq  DNA  polymerase  in  a 
volume  of  10  pi.  Thirty-five  to  40  cycles,  each 
consisting  of  denaturation  at  94°C  for  30  sec, 
annealing  at  48— 57°C  for  30  sec,  and  extension  at 
72°C  for  1  min,  were  performed. 

PCR  products  were  separated  in  a  6%  denaturing 
polyacrylamide  gel  and  autoradiographed  for  2-5 
days  using  Kodak  BioMax  MR  films.  Allelic  loss 
was  determined  when  the  signal  for  one  allele  in 
the  tumor  was  reduced  significantly  when  com¬ 
pared  to  that  for  the  non-neoplastic  cells.  The 
change  in  the  size  of  an  allele  in  a  cancer  tissue 
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Figure  I.  Examples  of  allelic  loss  (A)  and  microsatellite  instability 
(B)  in  prostate  cancer  obtained  with  microsatellite  markers  of  chromo¬ 
some  1 3.  N,  T,  and  M  indicate  normal  and  matched  tumor  or  metastatic 
tissue,  respectively,  for  four  cases.  Case  number  is  on  the  top. 


specimen  compared  to  its  matched  non-neoplastic 
tissue  sample  was  termed  microsatellite  instability 
(MSI).  Examples  of  microsatellite  alterations,  which 
include  LOH  and  MSI,  are  shown  in  Figure  1  for 
markers  on  chromosome  arm  13q.  All  autoradio¬ 
grams  were  analyzed  independently  by  two  of  the 
investigators  (E.-R.H.  and  J.-T.D.),  and  any  con¬ 
flicts  in  interpretation  were  resolved  by  repetition 
of  the  experiment. 

The  relationship  between  LOH  at  loci  of 
D 13S263-D 13S122 7,  D 1 3 S3 1 3-D  13S269-D 13S162 , 
and  D I3S I58-D 13S280  and  patient  age  at  diagnosis, 
Gleason  score,  or  tumor  stage  was  analyzed  statisti¬ 
cally  by  use  of  the  Wilcoxon  sign  rank  test. 

RESULTS 


Primary  Tumors 

Of  the  40  primary  tumors  analyzed,  23  (58%)  had 
LOH  for  at  least  one  marker.  LOH  at  the  27  loci  for 
the  primary  tumors  ranged  from  0  to  27%  (Fig.  2). 
Whereas  most  markers  showed  LOH  in  less  than 
5%  of  tumors,  markers  D13S263 ,  D13S313 ,  D13S269 , 
and  D13S158  had  allelic  loss  in  at  least  14%  of 
informative  cases.  These  markers  defined  three 
distinct  regions.  The  most  centromeric  region  (18.6 
cM)  was  at  13q  14.2  and  was  defined  by  markers 
D13S267  and  DJ3SI53 ,  because  markers  DI3S263 
and  D13SJ227  showed  LOH  in  5/33  cases  (15%) 
and  3/28  (11%)  of  informative  cases,  respectively, 
and  3  tumors  had  LOH  at  both  of  these  markers 
(Fig.  2).  This  region  seems  to  be  different  from  that 
of  RBI  (DI3SI53)  at  1 3q  1 4,  because  none  of  the 
tumors  with  LOH  for  D/3S263  and  D13S1227 
showed  LOH  at  RBL  In  addition,  RBI  showed 
LOH  in  only  1/26  (4%)  informative  cases.  The 
intermediate  region  (7  cM)  was  defined  by  markers 
D13S166  and  D13S1225  at  13q21-22,  as  DI3S313, 
D13S269 ,  D13S162 ,  and  D13SI306  together  showed 
LOH  in  seven  tumors.  The  telomeric  region  (2.5 


cM)  was  at  1 3cj33  and  lay  between  markers  D13S259 
and  DI3S274 ,  because  five  tumors  showed  LOH  at 
either  DI3SI58  or  DI3S280  or  both,  whereas  alleles 
were  either  retained  or  uninformative  for  the  flank¬ 
ing  markers  DI3S259  and  DI3S274  (Fig.  2).  There 
were  12  tumors  that  had  LOH  in  at  least  one  of  the 
markers  from  the  three  LOH  regions.  These  tu¬ 
mors  had  a  mean  Gleason  score  of  7  and  occurred  in 
patients  whose  age  at  diagnosis  averaged  58  years; 
50%  of  them  had  a  higher  local  stage  (pT3)  at 
prostatectomy.  The  28  tumors  without  LOH  at 
these  regions  also  had  intermediate  Gleason  scores 
and  occurred  in  patients  with  an  average  age  at 
diagnosis  of  63  years;  32%  of  them  occurred  at  stage 
pT3  (Table  1).  The  difference  in  age  at  diagnosis 
between  these  two  groups  was  statistically  signifi¬ 
cant  (B  <  0.05). 

The  primary  cancers  with  the  most  frequent 
microsatellite  alterations  (including  both  LOH  and 
MSI)  were  cases  6,  12,  13,  19,  21,  and  25,  in  which 
alterations  were  detected  in  6/20  (30%),  5/18  (28%), 
7/15  (47%),  3/14  (21%),  7/22  (32%),  and  6/19  (32%) 
of  the  informative  loci  respectively.  Most  of  the 
microsatellite  alterations  for  these  six  tumors  were 
at  the  loci  of  DI3S263,  D13S3I3 ,  D13S269 ,  D13S162 , 
and  D/3S158.  Except  for  case  13,  all  the  other  five 
cases  were  among  the  12  tumors  showing  LOH  at 
the  three  regions  most  frequently  lost.  MSI  was 
detected  sporadically  in  15  (38%)  of  the  tumors. 
Only  one  tumor  (case  13)  appeared  to  have  a 
replication  error  phenotype,  because  each  of  the 
allelic  alterations  was  an  MSI.  The  D13S162  locus 
from  the  q22  region  showed  MSI  in  nine  of  the  28 
informative  cases  (32%). 

Metastatic  Lesions 

For  the  metastases  from  the  11  patients  at 
autopsy,  we  analyzed  14  microsatellite  markers  that 
were  located  on  different  bands  of  chromosome  13. 
Ninety-one  percent  (10/11)  of  the  cases  showed 
LOH  with  at  least  one  marker  (Fig.  3).  Markers 
D13S263 ,  D13S313 ,  and  D13S269 ,  which  had  the 
highest  frequency  of  LOH  in  the  primary  tumors, 
were  also  among  the  markers  that  had  high  frequen¬ 
cies  (56-71%)  of  LOH  in  the  metastases.  In  addi¬ 
tion,  the  three  loci  linked  to  the  BRCA2 ,  RBI,  and 
EDNRB  genes  ( D13S267 ,  DUS  153 ,  and  D13S317) 
were  also  among  the  loci  with  high  rates  of  LOH  in 
the  metastases  (71,  56,  and  56%,  respectively). 
Similar  to  the  findings  in  the  primary  tumors,  most 
of  the  alterations  for  marker  DI3S162  in  metastases 
were  scored  as  MSI  rather  than  LOH.  Five  of  the 
1 1  metastases  (cases  42,  43,  44,  46,  and  47)  showed 
extensive  (>75%)  allelic  alterations  (4  with  LOH 
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Figure  2.  Results  of  microsatellite  analysis  for  chromosome  1 3  in  primary  prostate  tumors.  Marker 
numbers  are  listed  at  the  top,  and  case  numbers  are  on  the  left.  Only  tumors  showing  LOH  or  MSI  are 
illustrated.  Frequencies  of  total  loss  of  heterozygosity  (LOH)  and  microsatellite  instability  (MSI)  in 
informative  cases  (Inf)  for  each  of  the  27  microsatellite  markers  for  all  40  primary  tumors  are  listed  at  the 
bottom.  The  three  distinct  LOH  regions  are  indicated  by  bars  above  the  ideogram  of  chromosome  1 3. 


and  one  with  MSI)  at  the  informative  loci.  Two  of 
them  (cases  42  and  46)  had  apparently  lost  the 
entire  chromosomal  arm,  because  all  informative 
loci  showed  LOH.  In  addition,  two  of  the  1 1  tumors 
(cases  44  and  49)  showed  MSI  for  at  least  40%  of 
the  markers,  presenting  a  replication  error  pheno¬ 
type. 

DISCUSSION 

CGH  studies  have  demonstrated  that  loss  of 
13q  occurs  commonly  in  prostate  cancer.  In  order 
to  define  the  distribution  and  extent  of  13q  loss, 
we  performed  deletion  mapping  for  prostate  cancer 
by  using  27  microsatellite  markers  encompassing 
the  entire  q  arm.  In  primary  tumors,  allelic  loss 
for  at  least  one  marker  was  found  in  23  (58%) 
cases.  Half  of  all  LOH  was  detected  at  six  mark¬ 
ers  ( D13S263 ,  D 13  S3 1 3-D 1 3 SZ6 9-D 13S1 62,  and 


D13S158-D13S280),  which  are  derived  from  three 
regions  at  ql4,  q21-22,  and  q33,  respectively. 

We  found  that  the  primary  tumors  that  had  LOH 
in  at  least  one  of  the  three  regions  were  diagnosed 
in  younger  patients  and  slightly  more  frequently 
were  of  a  higher  pathologic  stage  at  prostatectomy 
than  were  those  tumors  lacking  LOH  at  these  loci. 
Thus,  genetic  abnormalities  in  these  chromosomal 
regions  may  define  a  subset  of  clinically  significant 
primary  tumors.  Younger  age  at  diagnosis  and  higher 
stage  are  also  characteristics  of  familial  prostate 
cancer  (Gronberg  et  al.,  1997).  It  is  unknown, 
however,  whether  the  13q  loci  identified  in  this 
study  are  also  important  in  the  development  of 
hereditary  prostate  cancer. 

Frequently  deleted  loci  at  13q  covering  the 
potential  TSG  regions  in  this  study  have  been 
found  in  B-cell  chronic  lymphocytic  leukemia  (Kala- 
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TABLE  I.  Clinicopathologic  Features  of  40  Primary  Prostate 
Tumors  and  Frequencies  of  Loss  of  Heterozygosity  (LOH) 
and  Microsatelfite  Instability  (MSI)  in  Informative  (Inf)  Cases 


Case 

no. 

LOH/ 

Inf 

% 

MSI/ 

Inf 

% 

Gleason 

score 

Age 

Stage 

1 

0/18 

0 

3/18 

17 

7 

60 

pT3a 

2 

0/18 

0 

2/18 

1  1 

5 

74 

PT2b 

3 

1/18 

6 

0/18 

0 

6 

47 

pT3b 

4 

3/22 

14 

0/22 

0 

7 

49 

pT2b 

5 

0/17 

0 

0/17 

0 

6 

72 

pT2b 

6 

5/20 

25 

1/20 

5 

6 

60 

pT3a 

7 

0/13 

0 

1/13 

8 

7 

71 

PT3b 

8 

1/16 

6 

1/16 

7 

6 

42 

pT2b 

9 

2/21 

10 

1/21 

5 

6 

60 

pT3b 

10 

0/14 

0 

1/14 

7 

7 

64 

pT2 

1  1 

1/13 

8 

1/13 

8 

5 

61 

PT2a 

12 

4/18 

22 

1/18 

6 

6 

56 

pT2b 

13 

0/15 

0 

7/15 

47 

8 

68 

pT3b 

14 

I  / 1 8 

6 

0/18 

0 

8 

69 

pT2b 

15 

0/12 

0 

0/12 

0 

7 

62 

pT2 

16 

1/12 

8 

0/12 

0 

8 

60 

pT2b 

17 

1/21 

5 

0/21 

0 

7 

59 

pT3b 

18 

0/17 

0 

0/17 

0 

7 

65 

pT2b 

19 

3/14 

21 

0/14 

0 

5 

50 

pT2b 

20 

0/18 

0 

0/18 

0 

6 

57 

pT2b 

21 

7/22 

32 

0/22 

0 

8 

59 

pT2a 

22 

0/13 

0 

0/13 

0 

7 

62 

pT2b 

23 

1/17 

6 

2/17 

12 

6 

67 

pT2b 

25 

3/19 

16 

3/19 

16 

7 

69 

PT3b 

26 

0/14 

0 

1/14 

8 

7 

61 

pT2b 

27 

1/16 

6 

0/16 

0 

9 

53 

pT3b 

28 

1/18 

6 

0/18 

0 

9 

65 

pT3 

29 

0/19 

0 

0/19 

0 

6 

59 

pT2b 

30 

I/I  7 

6 

1/17 

6 

6 

57 

pT3a 

31 

1/16 

6 

1/16 

7 

5 

67 

pT2b 

32 

2/17 

12 

0/17 

0 

7 

60 

pT2b 

33 

1/15 

7 

0/15 

0 

7 

56 

pT2b 

34 

2/18 

II 

0/18 

0 

6 

65 

pT2b 

35 

0/18 

0 

0/18 

0 

7 

70 

pT3a 

36 

1/19 

5 

0/19 

0 

6 

57 

pT2a 

37 

0/14 

0 

0/14 

0 

6 

55 

pT2b 

38 

0/17 

0 

1/17 

6 

6 

65 

pT2b 

39 

0/14 

0 

0/14 

0 

7 

70 

pT3a 

40 

0/14 

0 

0/14 

0 

8 

70 

pT3a 

41 

0/17 

0 

0/17 

0 

7 

56 

pT3 

chikov  et  al.,  1997)  as  well  as  in  cancers  of  the  lung 
(Tamura  et  al.,  1997),  head  and  neck  (Maestro  et  al., 
1996),  liver  (Kuroki  et  al.,  1995),  kidney  (Schoen¬ 
berg  et  al.,  1995),  and  ovary  (Yang-Feng  et  al., 
1993).  In  some  cancers,  deletion  of  these  loci  has 
been  associated  with  a  poor  prognosis  (van  den 
Berg  et  al.,  1996),  aggressive  behavior  (Dotzenrath 
et  al.,  1996),  and  tumor  recurrence  (Yamaguchi  et 
al.,  1996).  It  is  possible  that  the  loci  identified  in 
this  study  are  also  involved  in  the  development  and 
progression  of  other  cancers. 

Our  results  indicate  that  allelic  loss  at  the  13q  14 
region  is  centered  at  D13S263-D13S1 227  rather 


than  at  the  RBI  locus.  The  D13S263  locus,  which  is 
7  cM  to  the  RBI,  is  located  in  a  region  that  has 
shown  frequent  LOH  in  previous  studies  of  pros¬ 
tate  cancer  (Cooney  et  al.,  1996;  Ittmann  and 
Wieczorek,  1996;  Latil  et  al.,  1996).  Therefore, 
although  the  RBI  gene  seems  to  play  a  role  in  some 
prostate  cancers,  another  TSG  may  be  located  at 
13(i  14. 

Based  on  a  recently  constructed  high-resolution 
YAC-cosmid-STS  map,  the  ERCC5/XPG  gene  is  in 
the  telo meric  LOH  region,  because  markers 
DI3S280  and  DI3SI58  and  this  gene  were  located 
to  the  same  DNA  fragment  of  1  megabase  (Cayanis 
et  al.,  1998).  ERCC5/XPG  is  a  DNA  excision  repair 
gene  whose  mutations  have  been  detected  in 
patients  with  xeroderma  pigmentosum  group  G 
(Nouspikel  and  Clarkson,  1994).  To  determine  its 
possible  role  in  prostate  cancer,  we  are  currently 
performing  mutation  analysis  for  tumors  that  showed 
loss  of  the  telomeric  region. 

In  CGH  analyses,  13q  loss  was  observed  in  32% 
of  primary  tumors,  75%  of  metastatic  lesions,  and 
each  of  four  prostate  cancer  cell  lines.  Our  results 
for  metastases  are  in  agreement  with  these  CGH 
findings,  as  10/11  (91%)  of  the  cases  showed  LOH 
with  at  least  one  marker,  compared  to  23/40  (58%) 
for  primary  tumors.  Allelic  loss  at  13q  seems  to  be  a 
frequent  event  in  metastases.  It  is  unknown,  how¬ 
ever,  whether  13q  loss  is  of  biological  significance 
and  serves  as  a  selection  force  driving  tumor  cells 
toward  aggressive  behavior,  or  is  simply  a  result  of 
genetic  instability.  In  the  study  of  Li  et  al.  (1998), 
the  rate  of  allelic  loss  at  13ql2-ql4  was  slightly 
lower  in  metastases  compared  to  localized  tumors. 
One  possible  explanation  for  this  inconsistency  is 
that  the  loci  analyzed  were  different  among  these 
studies. 

Regions  of  the  BRCA2 ,  RBI,  and  EDNRB  genes, 
which  showed  LOH  in  8%  or  fewer  of  the  primary 
tumors,  showed  LOH  in  56-71%  of  the  metastases. 
Hence,  inactivation  of  these  genes  may  be  more 
important  in  metastatic  lesions  than  in  primary 
tumors  of  prostate  cancer.  This  conclusion  is  sup¬ 
ported  by  previous  studies,  in  which  the  RBI  gene 
had  frequent  LOH  or  loss  of  expression  in  aggres¬ 
sive  prostate  cancers  (Melamed  et  al.,  1997;  Theodo- 
rescu  et  al.,  1997).  The  BRCA2  gene  had  frequent 
LOH  in  advanced  prostate  cancers,  and  some  men 
with  germline  BRCA2  mutations  developed  and 
died  of  prostate  cancer  (Sigurdsson  et  al.,  1997). 
Also,  a  mutation  of  the  EDNRB  gene  occurred  in 
the  LNCaP  metastatic  prostate  cancer  cell  line 
(Nelson  et  al.,  1998).  Three  markers  at  13q  14. 1- 
14.2  and  13q2 1.1-22  that  showed  the  highest  rate  of 
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Figure  3.  Results  of  microsatellite  analysis  for  chromosome  I  3  in  metastatic  prostate  cancer.  Marker 
numbers  are  listed  at  the  top,  and  case  numbers  are  on  the  left.  Frequencies  of  loss  of  heterozygosity  (LOH) 
and  microsatellite  instability  (MSI)  in  informative  cases  (Inf)  are  listed  at  the  bottom  for  each  of  the  14 
microsatellite  markers  and  on  the  right  for  each  of  the  metastases. 


LOH  in  primary  tumors  showed  an  even  higher 
(56-71%)  frequency  of  allelic  loss  in  the  metastatic 
lesions,  suggesting  that  these  regions  of  chromo¬ 
some  13  harbor  genes  that  are  important  to  both 
primary  and  highly  aggressive,  metastatic  prostate 
cancers. 

Along  with  13q,  chromosomes  arms  8p  and  16q 
have  shown  more  frequent  LOH  in  metastases  than 
in  primary  tumors  of  prostate  cancer.  In  previous 
studies,  83%  and  61  to  73%  of  metastatic  lesions 
showed  LOH  for  8p  and  16q  (Trapman  et  al.,  1994; 
Suzuki  et  al.,  1996;  Pan  et  al.,  1998),  respectively, 
which  are  comparable  to  the  LOH  rate  (91%)  for 
chromosome  arm  13q  in  our  study.  These  data 
suggest  that  these  chromosomes  contain  genes 
associated  with  advanced  prostate  cancer. 

The  frequency  of  microsatellite  instability  in 
prostate  cancer  has  been  variable  in  previous  stud¬ 
ies  (Terrell  et  al.,  1995;  Uchida  et  al.,  1995;  Watan- 
abe  et  al.,  1995;  Cunningham  et  al.,  1996).  Our 
results  are  consistent  with  two  of  the  studies  in 
which  MSI  was  detected  in  about  half  of  the 
primary  tumors  studied.  However,  replication  error 
phenotype  due  to  defective  mismatch  repair  is 
considered  to  be  present  only  if  at  least  one  third  of 
the  examined  loci  exhibit  MSI  (Honchel  et  al., 
1995).  Based  upon  this  definition,  one  of  the  40 
primary  tumors  and  two  of  the  1 1  metastatic  cancers 
showed  a  replication  error  phenotype.  Thus,  al¬ 
tered  DNA  mismatch  repair  may  function  in  ad¬ 
vanced  prostate  cancer. 

In  summary,  our  findings  show  that,  in  prostate 
cancer,  the  most  frequent  losses  on  chromosome  13 


are  located  at  13ql4,  1 3q2 1  -22,  and  13q33.  Allelic 
loss  at  these  regions  was  associated  with  younger 
age  at  diagnosis  and  might  define  a  subgroup  of 
clinically  significant  prostate  cancer. 
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BACKGROUND.  Three  regions  of  chromosome  13  were  previously  identified  for  having  loss 
of  heterozygosity  (LOH)  in  human  prostate  cancer.  One  of  them,  at  13q33,  was  defined  by 
LOH  at  markers  D13S158  and  D13S280.  The  XPG/ERCC5  gene,  a  DNA  repair  gene  that  when 
mutated  in  the  germline  leads  to  xeroderma  pigmentosum,  has  been  mapped  to  13q33,  within 
one  megabase  of  D13S158  and  D13S280.  This  paper  describes  LOH  and  mutational  analysis  of 
the  XPG  gene  in  human  prostate  cancers,  in  order  to  determine  whether  the  XPG  gene  is 
involved  in  the  development  of  prostate  cancer. 

METHODS.  LOH  of  the  XPG  gene  was  analyzed  in  40  primary  prostate  cancers  and  14 
metastases  by  using  the  microsatellite  assay,  and  its  mutations  were  examined  in  5  cell  lines, 
14  metastases,  and  8  tumors  with  LOH  at  13q33  by  using  the  single-strand  conformation 
polymorphism  (SSCP)-direct  DNA  sequencing  analysis. 

RESULTS.  Four  of  the  29  (14%)  informative  primary  tumors  and  4  of  8  (50%)  metastases 
showed  LOH  for  the  XPG  gene.  Analysis  of  the  8  tumors  with  LOH  at  the  13q33  region,  14 
metastases,  and  5  cell  lines  of  prostate  cancer  revealed  two  polymorphisms  but  no  mutation 
of  the  gene.  The  polymorphism  in  exon  2  did  not  change  the  amino-acid  sequence  of  the  XPG 
protein,  but  the  exon  15  polymorphism  altered  codon  1104  from  histidine  to  aspartic  acid.  The 
two  polymorphisms  also  occurred  in  individuals  without  prostate  cancer. 

CONCLUSIONS.  LOH  at  XPG  in  prostate  cancer  supports  the  conclusion  that  the  13q33 
region  contains  a  gene  important  in  the  development  of  prostate  cancer,  while  lack  of  muta¬ 
tions  of  the  gene  suggests  that  XPG  is  not  the  target  gene  involved.  Prostate  41:00-00,  1999. 
©  1999  Wiley-Liss,  Inc. 
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INTRODUCTION 

Complex  DNA  repair  mechanisms  are  responsible 
for  mending  various  types  of  DNA  damage  that  are 
believed  to  be  responsible  for  the  development  of  80- 
90%  of  human  cancers  [1,2].  Excision  repair  is  one  of 
the  major  pathways  of  DNA  repair,  occurring  in  all 
free-living  organisms  [3].  Multiple  steps  are  involved 
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in  excision  repair,  that  include  recognition  and  re¬ 
moval  of  damaged  bases  or  nucleotides,  gap  filling, 
and  ligation  [3].  Each  of  the  steps  requires  different 
enzymes  to  accomplish,  and  defects  in  the  enzymes  in 
humans  may  result  in  the  diseases  of  xeroderma  pig¬ 
mentosum  (XP),  Cockayne's  syndrome,  and 
trichothiodystrophy  [4].  Patients  with  XP  have  an  ex¬ 
treme  sensitivity  to  solar  ultraviolet  (UV)  light  and  are 
at  high  risk  of  developing  skin  cancer.  XP  is  catego¬ 
rized  into  seven  different  groups  (A-G),  each  repre¬ 
senting  a  distinct  defective  gene  in  excision  repair 
[4/5]. 

The  XP  group  G  (XPG,  also  called  ERCC5  for  exci¬ 
sion  repair  cross-complementing  group  5)  gene  en¬ 
codes  a  DNA  endonuclease  which  functions  to  re¬ 
move  the  damaged  DNA  region  during  the  process  of 
excision  repair  [6-9].  Mutations  of  XPG  have  been  de¬ 
tected  in  patients  with  XP  group  G  and  in  those  with 
Cockayne's  syndrome  [10-12].  Cells  from  patients 
with  XPG  are  deficient  in  repairing  UV-induced  DNA 
damage,  and  expression  of  the  wild-type  XPG  gene  in 
these  cells  restores  their  DNA  repair  capacity  [7,13,14]. 
The  XPG  gene  has  been  cytogenetically  mapped  to  the 
q33  region  of  chromosome  13  by  fluorescence  in  situ 
hybridization  [15].  Physically,  XPG  is  located  near 
markers  D13S158  and  D13S280,  because  1-megabase 
DNA  fragment  contains  both  these  markers  and  the 
XPG  gene  [16,17].  We  demonstrated  previously  that 
the  13q33  region  involving  markers  D13S158  and 
D13S280  has  frequent  loss  of  heterozygosity  (LOH)  in 
human  prostate  cancer,  suggesting  that  a  gene  in  the 
r3q33region^i  inactivated  during  the  development  of 
prostate  cancer  [18].  It  is  unknown,  however,  whether 
XPG  shows  LOH  and/or  is  mutated  in  prostate  can¬ 
cer. 

To  determine  whether  XPG  is  the  target  gene  at 
13q33  involved  in  prostate  cancer,  we  analyzed  LOH 
and  mutations  of  the  XPG  gene  in  both  primary  tu¬ 
mors  and  metastases  of  human  prostate  cancer  by  us- 
ing  polymerase  chain  reaction  (PCR)-microsatellite 
analysis  and  the  PCR-single-strand  conformation 
polymorphism  (SSCP)  method.  We  detected  LOH  but 
no  mutation  of  the  XPG  gene  in  the  cases  analyzed. 

MATERIALS  AND  METHODS 
Tumors  and  Cell  Lines 

Forty  pairs  of  zinc  formalin-fixed,  paraffin- 
embedded  nonneoplastic  tissues  and  prostate  cancer 
specimens  from  radical  prostatectomy  specimens 
from  previously  untreated  patients  were  used  in  this 
study.  Patient  age  ranged  from  42-74  years  (median, 
60).  The  pathologic  characteristics  of  the  tumors  were 
as  follows:  Gleason  score,  82%  had  scores  of  5-7,  while 


18%  had  score  8  or  9;  lymph  node  metastasis,  1  of  40 
cases;  seminal  vesicle  invasion,  83%  negative  and  17% 
positive;  and  capsule  penetration,  64%  negative  and 
36%  positive.  The  tumors  were  pathologically  staged 
according  to  the  most  recent  American  Joint  Commit¬ 
tee  on  Cancer  recommendation  [19].  Two  thirds  were 
pT2  and  one  third  were  pT3  cancers.  In  addition,  14 
metastatic  cancer  specimens  from  lymph  nodes,  liver, 
or  bone  and  matched  nonneoplastic  tissues  from  pa¬ 
tients  who  had  died  of  prostate  cancer  were  obtained 
at  autopsy.  Tumor  cells  were  collected  from  7  pm  (he¬ 
matoxylin  and  eosin  (H  and  E)-stained  sections,  using 
a  previously  described  protocol  for  preparation  of  his¬ 
tological  sections  on  glass  slides  prior  to  dissection 
[20].  Using  a  microscopic  dissection  method,  tumor 
samples  were  selected  to  ensure  a  minimum  of  70% 
neoplastic  cells.  Normal  cells  from  lymph  nodes  or 
seminal  vesicles  (or  spleen  for  autopsy  specimens)  in 
almost  90%  of  the  cases,  and  from  nonneoplastic  pros¬ 
tate  in  the  remainder,  were  obtained  from  paraffin 
blocks  that  contained  no  cancer  cells.  Five  human 
prostate  cancer  cell  lines  were  also  analyzed  for  XPG 
alterations.  Cell  lines  LNCaP,  PC-3,  DU-145,  and  TSU- 
Prl  were  purchased  from  the  ATCC  (Manassas,  VA) 
and  were  propagated  following  ATCC  instructions. 
DNA  from  the  ARCaP  cell  line  was  provided  by  Dr. 
Haiyen  Zhau  of  the  University  of  Virginia  Health  Sci¬ 
ences  Center  [21]. 

LOH  Analysis 

DNA  was  isolated  from  specimens  and  cells  by 
adding  proteinase  K  solution,  incubating  at  55°C  for 
2-3  days,  extracting  with  phenol  and  chloroform,  and 
precipitating  with  ethanol.  The  XPG  microsatellite 
marker,  which  was  identified  from  intron  8  of  the  hu¬ 
man  XPG  gene  [15],  was  synthesized  by  Life  Tech¬ 
nologies  (Gaithersburg,  MD)  and  used  to  analyze  al¬ 
lelic  status  of  the  gene.  Each  PCR  analysis  was  per¬ 
formed  on  10  ng  of  genomic  DNA,  using  1  x  PCR 
buffer  (1.5  mM  MgCl2);  0.4  pM  of  each  primer;  2  pM 
of  each  dNTP;  2.5  pCi  of  a-33P-dATP  (3,000  Ci/mmol) 
(ICN,  Irvine,  CA);  and  0.5  units  of  Taq  DNA  polymer¬ 
ase  in  a  volume  of  10  pi.  Thirty-five  cycles,  each  con¬ 
sisting  of  denaturation  at  94°C  for  30  sec,  annealing  at/ 
51°C  for  30  sec,  and  extension  at  72°C  for  1  min,  were 
performed.  PCR  products  were  separated  in  a  6%  de 
naturing  polyacrylamide  gel  and  autoradiographed 
for  1-3  days.  LOH  was  determined  when  the  signal  for 
one  allele  in  the  tumor  was  reduced  significantly 
when  compared  to  that  for  the  nonneoplastic  cells. 


PCR  Primers  for  Mutation  Analysis 

DNA  sequences  of  exons  1  and  2  and  their  adjacent  ^ 
intron  sequences^)  amplify  these  two  exons  (Table  I). 
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TABLE  I.  Primer  Sequences  From  S'  to  3'  (S'  Primer/3'  Primer),  Annealing  Temperatures,  and  PCR  Product  Sizes 
Used  for  PCR  Amplification  of  the  XPGIERCCS  Gene  From  Human  Genomic  DNA* 


Exon  no. 


5'  primer/3'  primer 


Temp  (°C) 


bp 


1 

2 

6 

7 

8.1 

8.2 

9 

11 

13 

15.1 

15.2 


GGTGCAGTCCGTCGTAGAAG/AAGTCCCAACGCGGCGTTAA 

AACAAGAGTTCAACTAAAAG/AAACTATACGACACTTACCA 

GAAGAGTTCTTTCATAATCCTCAAG/CCTCTGGCATTGCTTCAAATAATG 

GAGTCTGATGACTTTTCACAGTACC/ATCAAGATGTAATGTGAAGTGTCT 

GTATTCAAGCTAAGACAGTTGCAG/CAGCCGATCTTTTCTGTCCT 

TGCAGAGGAGCACGTAGCCA/CATCAGATTCACTTTCTTCCGAG 

GAAGTTTCATTGAAGTGCAAAGTGTG/ATATCTTGCCATTCATGGAGCG 

GAACTCCTGCGCCTGTTCGG/CCAATTGATTGTGAAAGTCCACAT 

AGAATGGTGGCATGAAGCTCAA/CTCTAATTTTGTCGAGATCAGGT 

ACACAGCTCCGAATTGATTCCTTC/TCAGCATGTTCACTTGAAGA 

GGGGAGAGACCTGCCTGCCTCTCAGA/TTACGTCTTTGCGACAAATTCATT 


55 

182 

50 

382 

50 

144 

50 

203 

55 

623 

55 

596 

55 

238 

55 

214 

50 

200 

50 

414 

55 

382 

J)t/\  Ct 

^3 

’Temp,  temperature;  bp,  PCR  product  sizes  in  base  pairs. 

Exon/intron  boundaries  for  the  remaining  exons  of 
XPG  were  inferred  by  comparing  human  XPG  cDNA 
(GenBank  accession  no.  X69978)  to  mouse  XPG  cDNA 
(GenBank  accession  no.  D16306)  and  the  mouse  geno¬ 
mic  sequences  [23].  The  cDNA  sequences  of  human 
and  mouse  XPG  were  compared  and  aligned  using  the 
GAP  function  of  the  Wisconsin  Package  version  9.1, 
Genetics  Computer  Group  (GCG)  (Madison,  WI).  The 
nucleotides  at  each  of  the  exon  junctions  of  mouse 
XPG  were  identical  between  human  and  mouse  XPG 
genes;  therefore,  the  same  junctions  were  applied  to 
human  XPG  to  divide  the  cDNA  into  16  exon  frag¬ 
ments.  PCR  primers  were  designed  from  sequences  at 
both  ends  of  each  XPG  exon,  and  were  used  to  amplify 
human  XPG  exons  from  genomic  DNA.  Two  pairs  of 
primers  were  designed  for  exons  8  and  15  due  to  their 
large  sizes.  Exons  3-5, 10, 12,  and  14,  which  constitute 
13%  of  the  human  XPG  cDNA,  were  very  small  and 
were  not  analyzed  for  XPG  mutations.  Primer  se¬ 
quences,  annealing  temperature,  and  PCR  product 
size  for  XPG  exons  are  listed  in  Table  I.  All  primers 
were  synthesized  by  Life  Technologies. 

PCR-Single-Strand  Conformation  Polymorphism 
(SSCP)  Analysis 

PCRs  for  the  SSCP  analysis  were  performed  in  two 
rounds.  The  first-round  reaction  contained  5-10  ng  of 
genomic  DNA,  1  x  PCR  buffer,  0.4  \iM  of  each  primer, 
200  pM  of  dATP,  dCTP,  dGTP,  and  dTTP,  and  0.5 
units  of  Taq  DNA  polymerase;  incubation  was  for  35 
cycles  of  94°C  for  30  sec,  50-55 °C  for  30  sec,  and  72°C 
for  1  min.  The  PCR  products  were  diluted  threefold, 
and  1  pi  of  the  dilution  was  used  as  the  template  for 
the  second-round  PCR,  which  was  performed  under 
the  same  conditions  as  in  the  first  round  PCR  except 
that  2  pM  of  each  dNTP,  2.5  pCi  of  a-33P-dATP  (3,000 


Ci/mmol),  and  20  cycles  were  used.  The  33P-labeled 
PCR  products  were  electrophoresed  at  5  W  overnight 
at  room  temperature  in  a  6%  nondenaturing  poly- 
acrylamide  gel  in  1  x  CC£^6uffe7(pH  6.8),  as  described 
previously  [24].  PCR  products  for  exons  2  and  15  were 
also  analyzed  in  a  0.25  x  MDE  gel  (FMC  BioProducts, 
Rockland,  ME)  containing  10%  glycerol,  which  were 
also  run  at  5  W  overnight  at  room  temperature.  After 
electrophoresis,  the  gels  were  dried  and  exposed  to 
Kodak  (Rochester,  NY)  BioMax  MR  film  for  1-2  days. 
Wild-type  and  mutant  exon  2  of  the  PTEN  gene  [25] 
was  amplified  from  normal  human  DNA  and  LNCaP 
DNA,  respectively,  and  the  PCR  products  were  run  as 
positive  controls  along  with  samples  to  indicate  that 
sequence  variation  at  a  single  base  in  a  DNA  fragment 
could  be  detected  in  the  SSCP  gels.  The  PCR-SSCP 
procedures  were  repeated  from  genomic  DNA  for 
samples  which  showed  a  band  shift,  in  order  to  ex¬ 
clude  the  possibility  of  PCR  artifact. 

DNA  Sequencing 

For  the  samples  which  had  a  band  shift  in  the  SSCP 
analysis,  their  first-round  PCR  products  were  ampli¬ 
fied  in  a  volume  of  100  \l\  under  the  same  conditions 
as  the  first-round  PCR.  These  PCR  products  were  pu¬ 
rified  by  using  the  Wizard  PCR  Preps  DNA  Purifica¬ 
tion  System  (Promega,  Madison,  WI),  and  were  se¬ 
quenced  by  using  the  TaqTrack  Sequencing  System 
(Promega),  following  the  manufacturer's  instructions. 
Sequencing  data  were  collected  and  analyzed  by  using 
ScanDNASIS  and  MacDNASIS  software  (Hitachi  Soft¬ 
ware,  San  Bruno,  CA). 

RESULTS 

LOH  at  the  XPG  Locus 

The  XPG  microsatellite  marker  was  analyzed  in  40 
primary  tumors  and  14  metastases  of  prostate  cancer 
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Fig.  I.  Loss  of  heterozygosity  of  the  XPGIERCC5  gene  in  two 
cases  of  human  prostate  cancer,  as  detected  by  a  microsatellite 
marker  from  intron  8  of  the  gene.  N,  matched  nonneoplastic 
DNA;  T,  tumor  DNA. 

for  LOH.  Four  of  the  29  (14%)  informative  primary 
tumors  showed  LOH  at  the  XPG  locus.  In  the  metas- 
^  tases,  4  of  8  (50%)  informative  cases  had  LOH.  Ex- 
(  VO  amples  of  LOH  in  two  cases  are  shown  in  Figure  1. 

SSCP  Analysis 

In  order  to  determine  whether  the  XPG  gene  was 
mutated  in  prostate  cancer,  we  analyzed  the  4  primary 
tumors  which  showed  LOH  at  the  XPG  locus,  4  addi¬ 
tional  primary  tumors  which  showed  LOH  at  XPG- 
linked  loci  D13S158  and  D13S280  [18],  14  metastases  of 
prostate  cancer,  and  5  cell  lines  derived  from  prostate 
cancer  metastases  for  mutations  in  nine  exons  of  XPG 
by  using  PCR-SSCP  and  direct  DNA  sequencing.  The 
nine  exons  analyzed  constituted  approximately  90%  of 
the  coding  region  of  the  XPG  gene.  SSCP  analysis 
demonstrated  that  exons  2  and  15  of  XPG  had  variant 
SSCP  bands,  suggesting  that  these  two  exons  had  se¬ 
quence  alterations.  Matched  nonneoplastic  cells  for 
each  tumor  were  then  analyzed  using  the  same  pro¬ 
cedure,  and  all  but  one  (case  50)  sample  showed  the 
same  sizes  as  did  the  corresponding  tumors.  In  case 
50,  the  nonneoplastic  tissue  showed  two  patterns  of 
bands  for  exon  15,  while  the  tumor  showed  only  one 
of  the  patterns  (Fig.  2).  These  results  indicate  that  dif¬ 
ferent  sizes  of  SSCP  bands  for  exons  2  and  15  represent 
polymorphisms  of  the  gene,  and  that  case  50  had  an 
LOH  of  XPG  in  the  tumor.  In  the  14  tumors  whose 
DNA  was  successfully  amplified  for  exon  2,  6  cases 
(43%)  showed  heterozygosity,  6  cases  (43%)  showed 
homozygosity  for  the  smaller-band  allele,  and  2  (14%) 
showed  homozygosity  for  the  larger-band  allele  (Fig. 
2).  Similarly  for  exon  15,  5  of  15  cases  (33%)  showed 
heterozygosity,  9  (60%)  showed  homozygosity  for  the 
smaller-band  allele,  and  1  (7%)  showed  homozygosity 
'£=•'  for  *e  larger-band  allele  (Fig.  2).  To  verify  that  the 
polymorphisms  in  exons  2  and  15  also  occur  in  normal 
individuals  and  to  determine  the  frequencies  of  these 
polymorphisms,  we  analyzed  27  DNA  samples  from 
unrelated  healthy  individuals  for  the  two  exons.  For 
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Fig.  2.  Different  band  patterns  of  polymorphisms  for  exons  2 
and  1 5  of  the  XPGIERCC5  gene  detected  by  PCR-SSCP  analysis. 
Lanes  1-5,  cell  lines  LNCaP,  PC-3,  ARCaP,  DU- 1 45,  and  TSU- 
Prl,  respectively;  lanes  6—8,  three  tumor  cases. 

exon  2,  7  individuals  (26%)  demonstrated  a  heterozy¬ 
gous  phenotype,  9  (33%)  were  homozygous  for  the 
smaller-band  allele,  and  11  (41%)  were  homozygous 
for  the  larger-band  allele.  For  exon  15,  the  correspond¬ 
ing  allelic  frequencies  in  normal  healthy  individuals 
were  37%  (10  individuals),  59%  (16  individuals),  and 
4%  (1  individual). 

Sequencing  of  Variant  SSCP  Bands 

We  determined  the  DNA  sequence  of  the  variant 
bands  detected  for  exons  2  and  15  in  tissues  and  cell 
lines.  Exon  2  was  amplified  from  the  five  cell  lines, 
since  each  of  the  cell  lines  contained  either  the  upper 
allele  or  the  bottom  allele  or  both.  Direct  sequencing  of 
the  PCR  products  revealed  a  sequence  variation  at 
nucleotide  335  (codon  46)  of  the  XPG  gene  (GenBank 
accession  no.  X69978),  with  a  thymine  (T)  in  the  allele 
showing  larger  bands  in  SSCP  analysis  and  a  cytosine 
(C)  in  the  allele  showing  smaller  band.  ARCaP 
showed  a  T  at  this  position,  as  in  the  reported  se¬ 
quence  (GenBank  accession  no.  X69978),  while  PC-3 
and  DU-145  had  a  C,  and  LNCaP  and  TSU-Prl 
showed  both  C  and  T  (Fig.  3).  Similarly,  exon  15  was  US^' 
also  reamplified  and  sequenced,  and  a  C— >G  sequence 
change  at  nucleotide  3508  of  the  XPG  gene  was  iden¬ 
tified  (Fig.  3).  This  alteration  occurred  in  codon  1104 
and  resulted  in  a  His— >Asp  amino-acid  substitution. 

The  allele  showing  larger  bands  in  SSCP  analysis  con¬ 
tained  a  C,  and  the  allele  showing  smaller  bands  con¬ 
tained  a  G.  Since  DNAs  from  healthy  individuals 
showed  the  same  band  shifts  in  SSCP  analysis,  we  also 
amplified  and  sequenced  some  of  the  normal  DNA. 
Homozygosity  for  C  or  G  and  heterozygosity  of  C/G 
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Fig.  3.  Sequence  analysis  of  exons  2  and  15  of  the  XPGIERCC5 
gene,  as  primed  by  reverse  primers.  Arrows  indicate  the  nucleo¬ 
tide  position  where  polymorphisms  occurred.  Left:  Homozygos¬ 
ity  for  one  allele.  Center:  Heterozygosity  for  two  alleles.  Right: 
Homozygosity  for  the  other  allele. 

were  found  in  all  the  analyzed  samples.  In  case  50, 
nonneoplastic  cells  showed  heterozygous  C/G  alleles, 
but  the  corresponding  tumor  cells  showed  only  the  G 
allele,  indicating  that  LOH  had  occurred. 

DISCUSSION 

Deletion  of  chromosome  13  is  one  of  the  most  fre¬ 
quent  genetic  alterations  in  prostate  cancer.  In  this 
study,  we  analyzed  62  prostate  cancer  specimens  and 
cell  lines  for  LOH  and  mutational  status  of  the  XPG 
DNA  repair  gene,  which  is  located  in  a  previously 
identified  region  of  LOH  at  chromosome  13q33  [18]. 
Using  a  microsatellite  marker  isolated  from  the  eighth 
intron  of  the  gene  [15],  LOH  was  found  in  14%  of  the 
informative  primary  prostate  cancers  and  50%  of  the 
informative  metastases.  These  LOH  frequencies  are 
comparable  to  those  found  for  the  polymorphic  mark¬ 
ers  defining  the  q33  region  (i.e.,  D13S158  and 
D13S280)  in  our  previous  study  [18],  that  had  LOH  in 
9-14%  of  the  primary  tumors  and  30%  of  metastatic 
tumors.  Combining  the  current  study  with  the  previ¬ 
ous  one  [18],  8  tumors  had  LOH  at  one  or  more  of  the 
3  loci  in  39  primary  tumors  which  were  informative 
for  at  least  one  of  the  loci,  i.e.,  8  of  39  (21%)  primary 
tumors  had  LOH  at  the  13q33  LOH  region.  Similarly 
for  the  metastases,  7  of  13  (54%)  had  LOH  at  this  re¬ 
gion.  Previous  studies  from  other  investigators  also 
demonstrated  loss  at  chromosome  13  in  prostate  can¬ 


cer  and  in  other  malignancies.  For  example,  compara¬ 
tive  genomic  hybridization  revealed  loss  of  13q  in 
prostate  cancer  [26-28],  and  LOH  of  13q33  has  oc¬ 
curred  in  ovarian  cancer  and  in  head  and  neck  carci¬ 
noma  [29,30].  These  results  support  the  conclusion 
that  there  may  be  a  gene  located  in  13q33  which  is 
important  in  the  development  of  prostate  cancer  and 
some  other  cancers.  However,  the  target  gene  in  this 
region  has  not  been  identified. 

Among  the  tumors  with  LOH  for  any  of  the  three 
markers  (XPG,  D13S158,  and  D13S280),  one  case  had 
LOH  for  both  XPG  and  D13S280,  and  one  case  had 
LOH  for  both  D13S280  and  D13S158  but  not  for  XPG. 
Considering  that  D13S280  is  telomeric  to  D13S158  and 
both  markers  are  present  in  the  same  1-mb  DNA 
which  contains  the  XPG  gene  [16,17],  this  finding  sug¬ 
gests  that  the  order  of  the  three  markers  from  centro¬ 
mere  to  telomere  is  D13S158-^D13S280h>XPG,  and 
that  the  13q33  LOH  region  likely  resides  between 
D13S280  and  XPG.  Therefore,  it  is  possible  that  the 
XPG  gene  is  not  the  target  gene  at  the  13q33  region. 

To  further  determine  whether  XPG  plays  a  role  in 
the  development  of  prostate  cancer,  we  analyzed  al¬ 
most  90%  of  its  coding  region  in  8  primary  tumors 
with  LOH  for  at  least  one  of  the  three  markers,  14 
metastases,  and  5  prostate  cancer  cell  lines,  using 
SSCP  and  direct  sequencing  methods.  No  somatic  mu¬ 
tation  of  the  gene  was  detected  in  any  of  the  samples. 
This  result  indicates  that  mutation  of  XPG  is  an  infre¬ 
quent  event  in  human  prostate  cancer,  despite  the  fact 
that  XPG  is  a  DNA  repair  gene  and  its  mutation 
causes  skin  cancer  in  xeroderma  pigmentosum  [4].  As 
D13S280  appears  to  be  closer  to  the  center  of  the  13q33 
LOH  region  relative  to  XPG  and  D13S158,  this  finding 
also  supports  the  idea  that  the  target  gene  in  the  13q33 
LOH  region  may  be  located  between  D13S280  and 
XPG  rather  than  at  the  XPG  locus. 

In  our  analysis  for  XPG  mutations,  two  polymor¬ 
phisms,  one  in  exon  2  and  the  other  in  exon  15,  were 
identified.  The  exon  2  polymorphism  did  not  change 
the  amino-acid  sequence  of  the  XPG  protein,  but  the 
exon  15  polymorphism,  which  occurred  at  nucleotide 
position  3508  of  the  XPG  gene  [13],  changed  codon 
1104  from  histidine  in  one  allele  to  aspartic  acid  in  the 
other.  It  is  unknown,  however,  whether  this  polymor¬ 
phism  affects  the  repair  capacity  and/or  fidelity  of  the 
XPG  gene  and  whether  it  may  contribute  to  the  devel¬ 
opment  of  prostate  cancer.  Others  have  suggested  that 
variation  in  DNA  repair  is  a  factor  in  cancer  suscep¬ 
tibility  [31,32].  It  might  be  interesting  to  analyze  the 
frequencies  of  the  exon  15  polymorphism  in  larger 
populations  of  individuals  with  and  without  prostate 
cancer.  We  noticed  that  these  polymorphisms  were 
also  detected  in  another  study  [12]. 

In  conclusion,  LOH  of  the  XPG  gene  occurs  in  hu- 
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man  prostate  cancer,  but  no  mutations  of  this  gene 
could  be  detected  in  this  study,  suggesting  that  the 
XPG  gene  is  not  involved  in  human  prostate  cancer 
and  that  the  target  gene  at  the  13q33  LOH  region  re¬ 


mains  to  be  identified. 
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